Study design Cross-sectional study. Objectives To develop a latent structural model of health behaviors among people with spinal cord injury (SCI) that accounts for measurement of underlying factors and their association with demographic and injury-related variables. Setting The data were collected at a large specialty hospital and analyzed at a medical university in the Southeastern United States. Methods A total of 1871 participants with traumatic SCI of at least 1-year duration were included. Exploratory factor analysis (EFA) was used to identify the latent health behavior structures. Several key exogenous variables were also linked with the latent health behavior factors. Results Five latent health behavior factors were identified by the EFA with excellent model fit (root mean square error of approximation = 0.043). These latent factors included (1) medication non-compliance, (2) prescription medication and substance use, (3) smoking, (4) alcohol consumption, and (5) healthy lifestyle activities and participation. Sex, race/ ethnicity, age, years since injury, and injury severity were all significantly associated with at least one latent health behavior factor. For instance, men scored higher in smoking and alcohol consumption, whereas women scored higher in prescription medication and substance use. Non-whites scored higher on the medication non-compliance dimension and lower on the healthy lifestyle activities and participation dimension. Conclusions Utilization of latent health behavior factors provides more stable and comprehensive composite scores than does a single observed health behavior indicator. There are important differences in behaviors based on individual characteristics.
Introduction
Spinal cord injury (SCI) is associated with an increased risk of secondary health conditions [1, 2] and mortality [3] [4] [5] . Attenuating the risk and promoting longevity after injury requires an understanding of the underlying risk and protective factors. It is particularly important to study modifiable risk factors, such as smoking, alcohol misuse, and physical inactivity, so that appropriate prevention and intervention strategies can be developed.
The Theoretical Risk and Prevention Model (TRPM) developed by Krause et al. [6, 7] outlines the predictive relationships between five levels of factors: (1) biographic and injury, (2) psychological and environmental, (3) behavioral, (4) secondary conditions, and (5) mortality. Modifiable health behaviors are the most direct predictors of secondary health conditions, which are in turn predictive of mortality. As such, a substantial line of large-scale research has focused on classifying the risk and protective relationships between behavioral factors and health outcomes and mortality after SCI [8] [9] [10] [11] [12] [13] [14] [15] .
Studies of mortality have identified several behavioral risk factors, including smoking, binge drinking, and prescription medication misuse [10] [11] [12] 16] . These behavioral risk factors have been associated with secondary health conditions such as fatigue [13] , pressure ulcers [14, 17, 18] , depression [19, 20] , and urinary tract issues [21] , and also hospitalizations after SCI [9, 22] . A number of protective health behaviors, including healthy diet, physical activity and exercise, and participation, have also been identified [8, 11, 15, 17] .
It is important to understand how behavioral risk and protective factors relate to each other, to identify common dimensions so that they can be measured efficiently, and to identify how behaviors co-vary as a function of SCI and demographic characteristics, the most fundamental predictive factors. A previous analysis implemented latent variable structural equation modeling (SEM) and identified seven specific health behaviors (healthy nutrition, unhealthy nutrition, fitness, smoking, alcohol use, psychotropic prescription medications, and SCI healthy activities) and their relationships with specific demographic and injury-related characteristics [8] . Several significant correlations between demographic and injury factors and the behavioral domains were observed, and distinct underlying risk and protective dimensions were identified. This research establishes a measurement model for several health behavioral dimensions, laying a foundation for its use in relation to secondary health conditions. Continued research is needed to validate behavioral measures and to identify additional behavioral dimensions to aid the development of interventions for prevention and treatment of secondary health conditions and mortality after SCI.
Purpose
Our purpose was to extend the earlier research [8] , using the data from a new and expanded assessment with a larger participant cohort, to identify latent structures of health behaviors and evaluate their relationships with several key exogenous demographic and injury variables. The modified set of behavioral factors included greater detail regarding medication compliance and illicit drug use, whereas some well-established behavioral item sets from earlier research, including nutrition and SCI-specific behaviors, were not replicated to limit overlap and minimize participant burden. The data analytic method followed the blueprint from a similar analysis directed at health outcomes [23] .
Methods

Participants
All the participants were identified and recruited from a large specialty hospital in the Southeastern United States as a part of the SCI Longitudinal Health Study, which has been described in detail in a previous study. The inclusion criteria were (1) 18 years or older, (2) at least 1 year after traumatic SCI, and (3) residual SCI deficits (corresponding to American Spinal Injury Association Impairment Scale A-D). Institutional Review Board approval was obtained before the data were collected. A total of 1871 eligible participants enrolled in the most recent follow-up were included in this analysis. Two cohorts comprised the 1871 participants: 625 participants who were utilized in an earlier study of behavioral factors and a new cohort of 1246 participants.
Procedures
Introductory cover letters were mailed to the participants describing the SCI Longitudinal Health Study and informing them of forthcoming study materials. The self-report assessments (SRA) were mailed 4-6 weeks later. Up to three mails and a follow-up phone call were used to maximize the participation. The participants were offered $50 in remuneration. A more complete description of the data collection procedures and participant selection appears elsewhere [15, 24] .
Measures
A comprehensive SRA including questions on health behaviors and exogenous predictors (e.g. demographic and injury factors) was administered to all the participants. The measurement sets included behavioral items from the CDC Behavioral Risk Factor Surveillance System (BRFSS) [25] , World Health Organization (WHO), Alcohol, Smoking, and Substance Involvement Screening Test (ASSIST) [26] , Craig Hospital Assessment and Reporting Technique (CHART) [27, 28] , and some items developed specifically for the SCI Longitudinal Health Study, many dating back to the beginning stage of the study from 1997 to 1998. The selection of health behaviors incorporated into the SRA was based on the TRPM [6, 7] , developed to guide the selection of predictors for health outcomes, as well as by those identified as important in previous research.
The demographic and injury-related items included sex, age, and race/ethnicity (non-Hispanic whites and nonwhites). The injury characteristics included years since injury and injury severity, categorized using a combination of injury level and ambulatory status. All ambulatory participants were included in one group (regardless of injury level) and those who were non-ambulatory were grouped as follows: C1-C4, C5-C8, and non-cervical.
The BRFSS is a standardized instrument developed and implemented by the CDC to monitor basic health behaviors in the United States general population [25] . We included BRFSS items to measure alcohol consumption and smoking behaviors. For alcohol consumption, we used four items: (1) number of drinking days with less than five or more drinks on one occasion in the past 30 days, (2) number of drinks on average on drinking days, (3) number of times having five or more drinks on one occasion in the past 30 days, and (4) number of most drinks on any occasion in the past 30 days. For smoking, the participants were asked multiple questions about smoking history, including two used in the current analysis (others were collinear). The first smoking question asked "how many cigarettes do you currently smoke per day?", and was measured on a 5-point scale as none at all, 1-9 (<1/2 a pack), 10-19 (<1 pack), 20-40 (1-2 packs), and 41+ (more than 2 packs). The second smoking question asked at what age the participants first began to smoke on a regular basis (everyday). This item was grouped into five categories as never, ≥22 years old, 19-21 years old, 15-18 years old, and <15 years old, coded as 1 to 5, respectively.
Three groups of substance use questions were selected from the WHO ASSIST [26] . The participants were asked "How often have you used the following substances for which you did not have a prescription?". The selected substances included cannabis (marijuana, pot, grass, hash, etc.), sedatives or sleeping pills (Valium, Serepax, Rohypnol, etc.), and opioids (heroin, morphine, methadone, codeine, etc.). The responses to these three questions were scored on a 5-point scale (never, once or twice, monthly, weekly, and daily/almost daily).
The frequency of prescription medication usage was measured for conditions where medications may have psychotropic effects. The participants were asked about how frequently (never, sometimes, weekly, and daily) they used medications for pain, spasticity, depression, and sleep. The specific medications were not identified.
Four medication compliance-related items were developed specifically for this stage of the SCI Longitudinal Health Study. They included (1) I stop taking a medication when I start feeling better, rather than taking them until they are gone, (2) I forget to take my medication on time, (3) I skip prescribed doses of one or more of my medications, and (4) I take my medications in the dosage and at the times the doctor has prescribed. Each item had five response categories: never, occasionally, sometimes, often, and always.
A series of healthy activity and participation-related items were also developed. The overall fitness was measured on a 5-point scale (poor, fair, good, very good, and excellent). The frequency of planned exercise was grouped into six categories (rarely, once per month, 2-3 times per month, 1-2 times per week, 3-4 times per week, and 5 or more times per week). The participants also responded to questions from the CHART, including "how many days do you get out of your house and go somewhere in a typical week?" and "how many hours are you out of bed on a typical day?" [27, 28] . Additionally, they were asked a series of questions from the CHART relating to productive activities, including how many hours per week they spent in schoolwork, homemaking, home maintenance, volunteer work, and recreational activities. Finally, we asked the participants (1) about their working hours per week, (2) whether they had a flu shot in the past 12 months (yes or no), and (3) how healthy their diet was, in general (poor, fair, good, very good, or excellent).
Statistical analysis
Exploratory factor analysis (EFA) was used to define the latent structures of health behaviors, which cannot be directly measured, but can be inferred from a number of observed variables that can be directly measured. EFA is a widely used method to reduce a large number of variables to a smaller set of summary variables and discover the underlying theoretical structure and the relationships among measured variables. The relationships between the latent structures of health behaviors and several key exogenous variables (variables independent of factors extracted from EFA) were evaluated by SEM. These exogenous variables included sex (ref = women), race/ethnicity (ref = non-Hispanic white), chronologic age, years since injury, and injury severity (ref = ambulatory).
All descriptive analyses were performed by SAS (Version 9.4) [29] . We used M-plus (Version 7.4) [30] for all SEM analyses. The model fit was evaluated by χ 2 , comparative fit index (CFI), Tucker Lewis index (TLI), and root mean square error of approximation (RMSEA). The CFI and T LI with values of >0.95 indicate a good match between the data and the hypothesized model. RMSEA of <0.05 suggests excellent model fit, and 0.05-0.08 indicates good fit [31] . For EFA, a minimum of three items is set to produce stable factors with adequate internal consistency. Only items with loadings >0.30 during the EFA are retained in the SEM with exogenous variables.
The continuous variables were demonstrated by mean and standard deviation, and the categorical variables were shown as frequency and percentage.
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We certify that all the applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during the course of this research.
Results
Descriptive
The majority of participants were non-Hispanic white (74.4%) and men (74.5%). The average chronological age was 48.3 (SD = 13.3) and time since SCI was 15.9 years (SD = 10.1). Thirty-five percent were classified as having a non-cervical, non-ambulatory SCI, followed by ambulatory SCI (29.7%), C5-C8 non-ambulatory SCI (25.5%), and C1-C4 non-ambulatory SCI (9.9%) ( Table 1) .
Exploratory factor analysis
Five latent behavioral factors were extracted from the EFA (RMSEA = 0.043). The detailed rotated factor loadings are demonstrated in Table 2 . Factor 1, entitled medication noncompliance, comprised four variables related to proper use of prescribed medications. Factor 2, medication and substance use, comprised seven variables that included pain, spasticity, sleep and depression medication use, use of sedatives or sleeping pills (Valium, Serepax, Rohypnol, etc.), and use of opioids (heroin, morphine, methadone, codeine, etc.). Factors 3 and 4 measured smoking and alcohol consumption behaviors. Factor 5 appeared to be specific to healthy lifestyle activities and participation, including days out of house and hours out of bed, fitness level, planned exercise, diet, and hours in home maintenance and recreational activities.
Latent SEM
Z-scores were converted for the five factors extracted from the EFA. We created dummy variables for sex, race/ethnicity, and injury severity to identify the relationship between the demographic and the injury-related characteristics and the five latent behavioral factors (RMSEA = 0.052; χ 2 = 1995.597, DF = 346, p < 0.001; CFI = 0.852; TLI = 0.823). Table 3 is a summary of the full latent SEM. For interpretation, higher scores (i.e., positive values) for the risk health behaviors (medication non-compliance, medication and substance use, smoking, and alcohol consumption) indicate greater risk behaviors for the referent group; whereas, negative values indicate less risky behaviors. For the protective health behavior (healthy lifestyle and participation), negative associations indicate less healthy behaviors.
Compared to men, women scored higher on the medication and substance use dimensions. Women had lower scores on the alcohol consumption, smoking, and healthy lifestyle activities and participation dimensions. Race/ethnicity was significantly associated with two dimensions. Nonwhites scored higher on the medication non-compliance dimension and lower on the healthy lifestyle activities and participation dimension. Age was significantly associated with each behavior. With increasing age, medication noncompliance, alcohol consumption, smoking, and healthy lifestyle and participation decreased. Medication and substance use was higher among those who were older.
Regarding SCI-related exogenous variables, longer duration of SCI was associated with lower scores on the medication and substance use dimension and higher scores on the alcohol consumption dimension. Four dimensions were significantly associated with injury severity. Those with cervical injuries (non-ambulatory) had lower scores on medication non-compliance. Compared to the ambulatory reference group, non-ambulatory participants reported higher scores of medication and substance use and lower scores on alcohol consumption and healthy lifestyle activities and participation.
Discussion
The unique contribution of this study was the identification of five underlying dimensions of health behaviors and their relationships with important participant characteristics. This builds upon and extends earlier work, which first identified seven behavioral dimensions, using a larger participant cohort and inclusion of a modified set of health behaviors [8] . The new key findings include the identification of a behavioral domain related to medication compliance and the integration of the domain of prescription medication use with that of an illicit drug use. The differential patterns of behaviors as a function of injury and demographic characteristics help us to understand the patterns of behaviors among the participants with different types of characteristics. The current EFA identified five health behavior dimensions: medication non-compliance, medication and substance use, smoking, alcohol consumption, and healthy lifestyle activities and participation. There are some key similarities and differences with the earlier analysis, which identified seven specific behavioral domains. First, three of the domains are similar to those previously identified including smoking, alcohol consumption, and healthy lifestyle activities and participation. The smoking dimension is refined by utilizing age at which the individual first smoked as one of the behaviors, reducing co-linearity. The medication compliance domain is unique, based on newly added items, whereas substance misuse represents a refinement from the previous research as it includes both prescription and illicit drug use. If an investigator's intention is restricted to prescription medication use, then the previously identified domain is still valid; whereas, if the intention is to measure broader substance misuse, then the current inclusion of legal and illicit drugs will provide a viable option. Three previously identified domains, including healthy and unhealthy nutrition, and SCI healthy activities, were not assessed in the current study; yet they remain as viable options for an investigator interested in these domains.
Interesting associations were observed between the demographic factors (gender, age, and race/ethnicity) and health behaviors. Gender was significantly associated with medication and substance use, smoking, alcohol consumption, and healthy lifestyle activities and participation. Consistent with smoking and drinking statistics from the general population [32, 33] , it appears that the women in our sample smoke and drink less than men, yet tended to have more medication and substance use issues than men. Consistent with earlier research [8] , age was related to each of the behavioral dimensions, with negative correlations observed for healthy lifestyle activities and participation, smoking, and alcohol consumption. Unique to this analysis, older age was associated with improved medication compliance but also increased medication and substance use. While non-white classification was previously positively associated with SCI healthy activities and negatively associated with unhealthy diets [8] , we found that non-whites indicated less healthy lifestyle activities and participation, as well as greater medication non-compliance. Injury characteristics, time since injury and severity of injury, were associated with all of the health behaviors except smoking. Previous research found that injury severity (non-ambulatory) was negatively associated with alcohol use, fitness, and smoking, and positively correlated with prescription medication use and SCI healthy activities [8] . However, we found no association between severity and smoking. The individuals with cervical-level injuries (non-ambulatory) were more likely to report medication compliance. Our findings that non-ambulatory participants reported higher levels of medication and substance use and lower levels of healthy lifestyle activities and participation and alcohol consumption were consistent with the previous research. Years since injury was not previously assessed and this oversight was addressed in the current study. Our sample is unique in that the participants were on an average 16 ± 10 years post-injury. We found that with increased time since injury, medication and substance use decreased, and alcohol consumption increased.
Clinical implications
The modifiable health behaviors such as smoking, alcohol consumption, physical inactivity, prescription medication use, and diet have been identified as risk factors for secondary health conditions [8, 24] and mortality [10, 11, 16] . The modifiable health behaviors identified in the EFA present unique opportunities for targeted interventions and prevention strategies, aimed at improving health and longevity after SCI. Further, the demonstrated relationships with participant characteristics highlight those who may benefit most.
Our findings suggest that there are differences in behavioral dimensions according to demographic and injury factors. This information will be useful to consider in rehabilitation research and clinical practice to increase awareness and assist in developing targeted interventions to improve the modifiable health behaviors. It would be beneficial to consider individual characteristics and treat health behaviors as groups or clusters, rather than focusing on a single health behavior. For example, the latent health behavior "healthy activities and participation" included the items planned exercise and fitness level, as well as diet and other participation-related items. Ample evidence shows that exercise and physical activity are important for reducing morbidity and mortality [34] [35] [36] , and our findings suggest that it might be important to also consider healthy diet and participation and address the behaviors together. Further, our analysis suggests that the individuals who are older, non-ambulatory, of minority status, and female are less likely to report these healthy behaviors. Taking the findings into consideration, rehabilitation researchers and exercise professionals might address the cluster of health behaviors and focus on individuals with the aforementioned characteristics in order to improve the overall healthy behaviors, and in turn reduce adverse health outcomes. Intervening and addressing multiple health behaviors in the same cluster may trigger a multiplicative and synergistic effect, which may maximize the effect of the intervention.
Limitations
This study has several noteworthy limitations. First, all the data were collected by SRA, which was subject to recall bias. We attempted to minimize the influence of recall bias by asking the participants to recall their activities on a daily basis or in the past month or year. However, there was no evidence to show the extent to which the recall bias influenced the findings of this study. Second, our participants were recruited from a specialty hospital, not a population-based registry. Although this is the most frequent source of recruitment in SCI studies, including the SCI Model Systems, it limits the generalizability of our findings. Third, although we intended to include as many important health behaviors as possible, there are likely other health behaviors not identified in our SRA. For instance, nutrition was the focus of an earlier study, hence was not replicated. Those behavioral domains identified in the earlier research remain valid, but we could not specifically link them with the domains we observed in the current study. Additionally, there are limitations regarding the SRA questions of general activities. The self-report measures of general activities should not be used when a study has the opportunity to collect more detailed information. For this study, the fitness and exercise questions were limited and do not address the SCI physical activity guidelines [37] , which were developed after the SRA. While our purpose was to gain global information on fitness and exercise, more specific research is needed, including intervention and observational studies which assess guideline-driven levels of activity as a protective health behavior. Fourth, this study was designed as a cross-sectional study, which does not allow us to draw causal conclusions about the longitudinal associations between these five latent health behavioral factors and the exogenous variables, although SEM is developed to explain causal relationship to some extent.
Future research
There is a need to monitor the change in behavioral health factors over time and identify if, and to what extent, these changes are related with exogenous demographic and injury-related characteristics. Continued study of demographic and injury factors in relation to behavioral factors will help to identify patterns of change over time. It is also important to investigate behaviors in relation to other important parameters within the TRPM, including psychological variables such as self-efficacy and coping. The five health behavior factors identified, along with behavioral factors identified in the previous research [8] , should be linked with latent health outcome dimensions [23, 38] to evaluate cross-sectional and longitudinal relationships. This will establish a greater foundation for the development of prevention strategies.
Conclusion
We identified five latent health behavior factors and found significant associations with demographic and injury-related characteristics. Identification of these five underlying dimensions of health behaviors added to and improved our knowledge of the structure of health behaviors among people living with SCI.
